There are many possibilities for open access publishing of location-based information, as a result of the development of technology in the webGIS field. Concurrently, geovisualization facilitates the interpretation and analysis of spatial data. The aim of this study is to demonstrate a GIS tool that is able to automatically express the anthropogenic influences on soils based on land use/cover data and geovisualize their results on the web. We used ArcGIS and QGIS software for geoprocessing, classifying spatial data, and publishing them on the web. Generally, decreasing anthropogenic influence on soils could be detected on Tokajwell as a decreasing intensity of human impacts. The results showed that representation of data with the geographic information system on the web is feasible, but also complex information from the map elements can be extracted which helps users better understand the spatial information.
Introduction
Geographic information systems (GIS) provide great opportunities to describe, explain, interpret and analyze geospatial information. Traditionally, functions of these systems focus on four fields: data input, data management, data analysis, and data visualization. The term geovisualization was introduced to abbreviate the expression 'geographic visualization' in which the adjective refers to special characteristics of the features observed, namely that they also include information describing their location on the earth. Basically, this data component makes GIS differ from other information systems by having the ability to represent the features, phenomena based on their special data component. Finally, geovisualization can be considered as a subtype of the visualization technologies that deal with communication of information visually. According to general experience and several research findings, human understanding, exploration and analysis of data sets can be enhanced by applying visualization, which also supports the different cognitive processes running in the background [1] . The various technologies used for visualization can be classified based on several criteria (such as aim of the visualization, characteristics of the input data, etc.) [2] . The demand for digital representation of data based on their associated geospatial information has appeared in a growing number of disciplines (e.g. economics, archaeology, linguistics, environmental studies, urban planning, and health care). Surprisingly, about 80% of all digital data generated nowadays includes some kind of information about geospatial referencing, which makes it clearly suitable them for geovisualization [3] [4] . Several papers have demonstrated that a number of new technologies and techniques have been developed in the framework of various scientific collaborations and projects which have enriched this special field [5] [6] .
The interpretation of information related to geographic location is becoming an increasingly significant task. There are two main methods of data collection: data capture (including geodetic surveying and collection of data for statistics) and data transfer, where existing maps serve as data sources. In both cases the credibility, the resolution and the freshness of data are crucial when publishing on the web, as well. Maps on the web play an important role in sharing special information [7] . From a map demonstration perspective, we distinguish between static and dynamic maps, in order to introduce the current state of spatial and temporal changes and moving elements (for example land use change). Both types can be interactive or non-interactive. The development shows that the emphasis is on dynamic maps in professional applications [8] . There are several methods available for publishing static and dynamic maps. A static map is only a graphic object embedded into the website [9] [10] .
One of the most frequently used indicators to characterize the anthropogenic alteration of landscapes is the land use/cover which is now widely used, primarily due to the development and free availability of remote sensing methods and the land use/cover databases that are based on them. Its application is supported not only by the easily classifiable information obtained from large areas by homogenous methods, but also by the fact that, beside vegetation, it is suitable for the characterization of the material quality of the vegetation-free surface, therefore making it possible to collect information regarding the two landscape features which are the most affected by anthropogenic influences. To characterize the anthropogenic alteration, Szilassi et al. (2015) used a method which is based on the combination of vegetation, land cover and soil data [11] . In a previous study (2006), Szilassi et al. attempted to assess the effects of historical soil changes on soils [12] . The soil information established, based on the WRB (World References Based Soil Resources) classification (IUSS WG WRB, 2015), provides an opportunity to describe the soils, and thereby the extent of anthropogenic effects/influences, in greater detail [13] . One of the major limitations of the application of WRB diagnostics units is that currently the amount of the available soil data which is described and classified in the WRB system is not sufficient to characterize the entire area of the country using data differentiated by landscape. However, by comparing the WRB diagnostic units to the land use/cover categories, several anthropogenic features can be identified based solely on the land use/cover, which is a diagnostic criterion of the WRB. Therefore, the land use/cover categories can be classified into groups which indicate the differences between the strengths of various anthropogenic effects/influences. Thus, based on the land use/cover data, predictions can be made which characterize the extent of anthropogenic influences on soils.
The aims of our study are the following: 1) The development and implementation of the automation of a new indicator which can be applied to evaluate the anthropogenic influences on soils in a geoinformatics environment. 2) Using spatial databases developed from multiple time points, the characterization of spatial and temporal changes in the extent of anthropogenic influences on the soils of Tokaj Nagy-Hill. 3) The development of a freely available website containing the thematic maps.
Material and Methods

Description of Study Area
Tokaj Nagy-Hill is part of the Tokaj-Hegyalja region in Hungary (Fig. 1 ). This historic wine producing area is located in the foothills of the Zemplén Mountains [14] . Since the Neolithic, the anthropogenic influences on the different geo-and morphotops of the Hill have been present, but really remarkable geomorphologic changes caused by human activities began as late as the Early Modern Age (17 th -18 th Centuries), when wineries and quarries came to play a dominant role in the development of the landscape [15] . Mount Tokaj has a significant landscape potential due to the fact that it is located at the intersection of a plain and a mountain region [16] . The first major change in the evolution of the landscape occurred during the 20 th Century; this was the time that the cultural landscape started to achieve its current form. The changes that took place in the 16 th -18 th Centuries altered the land use in a major way. From that point onward, the land use has been characterized by a structure corresponding to different altitude zones [17] .
The construction of the flood prevention dikes was a significant step in the middle of the 19 th Century, because since then the extension of the floods and the areas vulnerable to inland waters has decreased. The middle period of the 1880s was of great importance from the standpoint of the changes in the land use, because it was the time when the phylloxera epidemic hit the area [18] , which contributed to the drastic decrease of the wine regions. During the following reconstruction period the vertical structure of the wine regions altered [19] . The land use became mosaic, therefore the zonality disappeared. From the perspective of land use, economic considerations and the ease of cultivation took priority. As a consequence of the above, the wine areas located at a higher altitude were abandoned and the degree of erosion decreased [20] . 
Methodology to Express Soil Naturalness Grades
In our study, we combined several national databases and a methodology for defining soil naturalness grades. One of these methods is land cover databases, which we created from various types of maps (I.-II.-III. Military Survey, Topographic Map of Hungary, Google Earth Satellite Image) from different time periods [21] [22] [23] [24] [25] [26] , providing information about land cover classes; and the other is the WRB (IUSS WG WRB, 2015) for evaluating soils' taxonomical status [13] . Combining the information content of both, we compiled an index which could be applied to estimate the rate of anthropogenic influences on soils. According to the combination of land cover data and WRB soil diagnostic principles, we defined four different groups of soil naturalness. We distinguished four grades of soil naturalness, and assigned all land cover classes to one (and only one) soil naturalness grade according to their typical anthropogenic processes, which are also reflected in their taxonomy and diagnostics, according to the WRB (Table 1) . Actually, we did not use the already existing actual taxonomic classification data of soils, which was surveyed in the field according to the WRB. We assigned the anthropogenic features of the WRB to the land cover classes in order to express the anthropogenic transformation of soil. 
Workflow of Geoprocessing and Geovisualization
The implementation has three main steps, as shown in Fig. 2 : preprocessing, geoprocessing, and sharing.
Figure 2 Process of the GIS workflow
We collected maps for soil naturalness grade data and downloaded ASTER GDEM from the web to visualize the results in 3D. Subsequently, the next step was data processing using ArcMap 10.2 software. Visual interpretation was applied and land use/cover data was retrieved for each database. These land use/cover data were classified into soil naturalness grades by a script written in Python using ArcPy (Fig. 3) . We used the QGIS Qgis2threejs plugin for visualizing in 3D. This plugin exports terrain data, map canvas images and vector data to the web browser. The final step was to publish the data online [27] .
Since the classification step was done in ArcGIS, the ArcPy package was applied for Python programming. Fig. 3 describes the workflow of the script written for this specific application. For further possible improvement of the code, optional input file formats were defined as feature classes, and shapefiles; in the case of the latter, a file geodatabase was created for storing the output files. The land use/cover classes were classified into soil naturalness grade categories after creating a new field for storing them. Classification was made on the basis of previously created arrays containing land use/cover classes for each of the four soil naturalness grade classes (Table 1 ). Then, dissolving features enabled us to determine the total area for each soil naturalness grade category in the study area. Finally, summarized statistics were converted to an Excel table for further evaluation. 
Results
Based on the methodology developed, we performed the automated classification of the available databases recorded at various dates to determine the extent of anthropogenic influence on soils. Our results showed a significant degree of anthropogenic influence (Fig. 4 ). This can be explained primarily by the effects related to vine production, such as ploughing, terracing or truncation by erosion. Predominantly anthropogenic soils, characteristically, can be found in built-in areas and in the lines of developed terraces. Figure 4 Ratio (%) of soil naturalness grades in Tokaj Nagy-Hill, according to historical and contemporary land cover and soil databases
We also detected the most relevant changes between 1784 and 2010, which, based on the works of Incze and Novák (2016), can be explained by the different dynamics of abandonment of vineyards, new vine areas and unchanged vineyards. Generally, throughout five investigative periods (1784-1858, 1858-1884, 1884-1940, 1940-1989, 1989-2010) decreasing anthropogenic influence on soils could be diagnosed on 35.73% of the area and a decreasing intensity of human impact in 8.01%. We have also concluded that the dynamics of vineyard abandonment show significant temporal differences during the investigated period. While the ratio of soils with significant anthropogenic impact decreased by 15% between 1940 and 2010, during a period which was almost thirty years shorter the rate of decrease exceeded 22%. The increase in dominantly natural or close to natural soils can be explained partly due to the phylloxera epidemic which destroyed a significant proportion of the vines (Reference). The ratio of predominantly anthropogenic soils increased from an initial rate of 3.74% to 9.03% which can be explained by the increase of built-in areas. In recent times on Tokaj Nagy-Hill 48.5% of the surface is covered by soils in a dominantly natural or close to natural state (2010). On 9.0% of the surface anthropogenic reference groups can be found, and on 38.5% basically natural soils with recognizable anthropogenic influences, such as ploughing, terracing or truncation by erosion.
To demonstrate the spatial changes visually and to evaluate the processes involved, we have created thematic maps of the area for the 6 dates. In 1974 predominantly natural or close to natural soils could be found mainly on the hilltop and on the hillsides; soils with significant anthropogenic influence were the dominant soil types due to the vine production, while anthropogenic soils were predominantly found in the foothill areas. Having investigated the spatial changes, we concluded that the ratio of anthropogenic soils increased in the Tokaj-Nagy Hill foothill areas, while due to the abandonments the ratio of natural soils also increased, even in the hillside regions. Due to erosion the soils have been destroyed in more and more areas where the bedrock is exposed at the surface, a process which reached its peak in 1989 (4.08%). We attached six databases to the study area, and made them freely accessible [28] . The base of the 3D interpretation was the ASTER GDEM raster digital surface model. The soil naturalness grade maps were projected onto this model, which can be rotated arbitrarily, as well. Information about the layers can be queried by clicking, and results showing the relevant data from the attribute table are visible to users in a window. The visibility of the layers can also be controlled by using the menu located in the right upper corner (Fig. 6 ).
Figure 6
Results of geovisualization (1784 and 2010)
Relationship to Cognitive Infocommunications
The complexity of the term Cognitive Infocommunications (CogInfoCom) intensively reflects to its multidisciplinary characteristics. According to its first and still the most relevant definition it "explores the link between the research areas of infocommunications and cognitive sciences, as well as the various engineering applications which have emerged as a synergic combination of these sciences" [29] . Since the birth of this special field it has already become known in many disciplines, which is proved by several scientific papers containing sections for examination of the cognitive aspects of the results as well [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] . Due to the increased interest a comprehensive overview of cognitive infocommunications is already available in form of a book, which provides an outstanding theoretical foundation of the topic as well [41] . This paper demonstrated the process of data geovisualization during which data were transformed into a special form enhancing co-evolvement of cognitive processes with infocommunication devices. Human perception as a cognitive process can interact with certain artificial cognitive systems and the process itself can be supported also in the context of cognitive infocommunications. Considering the current study, the following cognitive considerations related to field of CogInfoCom are of high importance:
 Revealing relationships between a given soil type and its location became easier after the geovisualization.
 Geovisualization facilitates capturing the spatial pattern of soil types and land use/cover distribution.
 General cognitive perception of digital data is supported. The more data sources are used; the greater need can be identified for supporting the appropriate interpretation of the data.
Since an interactive webpage may be considered as a cognitive beings, the communication realized between our webpage containing geovisualized information and the user is of inter-cognitive communication.
Conclusion
In the field of geoinformatics, several free data sources are readily available at various websites. Although usage of these data is rather convenient way of data acquisition, we have to pay high attention to their accuracy and currency. Usually, it is not a trivial matter to merge different data into one system (just think of the different reference systems).
In the case of the ASTER GDEM, used as a base map, the resolution is of highest importance. The resolution of our surface model is 30 m, that is why ASTER GDEM is appropriate to provide basic information about the study area. Reclassified databases were used to express the soil naturalness grades of Tokaj Nagy-Hill. The weakness of this classification method is the suitability of the archive maps, because the projected and the stored information, in most cases, is insufficient. For a credible and correct representation of the distribution of the analyzed reference soil groups, we need to classify them according to the modern European diagnostic system, the World Reference Base for Soil Resources (WRB). Our study provided a method showing how the QGIS Qgis2threejs module can be applied to publish geospatial information on internet.
